The valve of the inferior vena cava is one of the most variable structures in the body, and has attracted sporadic interest for four centuries. Eustachius, writing in 1563, was the first to describe and classify its variations: he found that the valve was either partly replaced by interlacing fibres or consisted of a crescent of tissue or was minute. The valve was rediscovered by various authors for the next 300 years; and in the latter part of the nineteenth century, attention was focused on the more bizarre forms. Lauenstein (1876), when examining a hundred hearts, found five in which the valves of the inferior vena cava and the coronary sinus were formed from a continuous web of tissue; four of these valves were fenestrated.
POWELL AND MULLANEY
Group IV. Eighty-three cases: both ridge and valve were present; in 24 of these the valve was either fenestrated or replaced, largely, by fibres.
These 24 cases have been further analysed according to their pattern and attachments, and all are illustrated by free-hand drawings as shown in Fig I.V.C. =inferior vena cava
In 10 cases the valve was fenestrated, but had no attachments beyond the caval orifice (Cases 5, 12, 17, 31, 44, 45, 57, 67, 82, 97) .
In 3 cases a small fenestrated valve was found with attachments beyond the caval orifice (Cases 61, 68, 91).
In 5 cases there were larger fenestrated valves, in two instances with convex upper borders, and with attachments beyond the caval orifice (Cases 49, 56, 72, 75, 88) .
In 6 cases the valves were represented by fibres rather than fenestrated, with widespread attachments (Cases 10, 18, 21, 32, 53, 69) .
In 12 cases there was continuity of tissue between the Eustachian and Thebesian valves (Cases 10, 18, 21, 53, 49, 72, 75, 88, 68, 91, 38, 92) .
In none of the hearts in this series was there connection between the valve of the inferior vena cava and the upper end of the crista terminalis, in front of the superior vena cava, as described by Looser, by Yater, and by Wright et al. In several instances (including Case 32) an isolated crest of tissue projecting about 2 mm. into the right atrium ran down from this part of the crista terminalis to the septal wall. Fenestrations of the Thebesian or coronary valve were even more common, occurring in a total of 37 cases. an obstruction to the flow of blood, but there were no symptoms of such obstruction in the patient before death. In three of our series (Cases 10, 32, and 53) it seemed that the fibres of the network were torn during life. In each case fibres were whorled round another strand of the network. This was the site of thrombus formation in Case 10, and in Case 32 an additional free loop hung from the middle of the longest strand. It appears possible that such strands could break free during life, although being so fine it is unlikely that they would cause symptoms when lodging in a small branch of the pulmonary artery. Fibres of the Thebesian valve were the site of thrombus formation in eight cases. Gresham, with support from Jordan, has suggested that the tissue of the network may conduct the atrial impulse. When the network stretches superiorly as far as the superior vena cava, it passes close to the region of the sinu-atrial node described by Keith and Flack (1907) . In two foetuses, 16 and 21 cm. long, examined by Oppenheimer and Oppenheimer (1912) the node was found in close relation to the base of the venous valve, giving embryological support to Gresham's hypothesis. The latter has demonstrated muscle and nerve tissue in some of the networks he describes. The finding of a varying P-R interval in the electrocardiogram of one of his cases is probably incidental; at any rate, its significance is difficult to assess as he does not state the nature of the irregularity nor its duration. Electrocardiograms taken in four patients in our series (Cases 21, 49, 53, 61) with networks having attachments near the superior vena cava showed each a constant P-R interval.
In order to follow the discussion of the embryological origin of the networks of the right atrium by Wright et al. (1948) and earlier writers, it is necessary to trace the sites of the primitive valves in the adult heart. Tandler (1912) and Odgers (1935) have illustrated the valves between the sinus venosus and the atrium in the embryo of 5-10 mm. The venous valves, of which the right is the larger, encircle this orifice and project into the atrial cavity. They are united superiorly by a crest of tissue, the septum spurium, which runs forward at right angles from this attachment, under the atrial roof, projecting for a variable distance into the atrial cavity. At 9 mm. the septum spurium is deep, but then starts to regress in favour of the right venous valve. This latter valve in embryos from 13-30 mm. in length is so deep as to project across two-thirds of the atrial cavity (Streeter, 1948; Licata, 1954) . Later, by the appearance and coalescence of fenestre this valve regresses. The superior vena cava in the earliest embryos in which it can be identified opens into the right horn of the sinus venosus. This horn is then taken up into the main part of the sinus venosus, which lies then directly behind the right atrium. At this stage the regressing septum spurium forms a thin crest anterior to the superior vena cava (25-30 mm. embryo). The right venous valve extends from this position downwards, with its base attached first to the lateral margin of the superior vena cava, and then to the postero-lateral wall of the atrium, before bounding the orifices of the inferior vena cava and coronary sinus. Anteriorly, in a 50-mm. embryo of our own the valve extended to the atrial septum, as does the anterior strand of Case 53, who died at the age of 45 years. Usually the upper part of the valve regresses completely, leaving narrow and unconnected Eustachian and Thebesian valves.
The left venous valve, bounding the medial wall of the sinus venosus, becomes attached to the atrial septum. Remnants of this valve were seen in three hearts (Cases 32 and 68; also Case 15, not illustrated): in these there were trabeculk at the base of the foramen ovale.
It appears then that only those networks with attachments anterior to the superior vena cava can be said to be derived in part from the septum spurium. Few authors make this distinction when describing these networks and their illustrations do not show clearly the extent of the network attachments. Although networks of the Eustachian valve are quite common, those with such widespread attachments are very rare; Wright et al. (1948) found only one case in their series of 512 hearts, and there is no such network in our series. The isolated crest of tissue running from the upper end of the crista terminalis on to the atrial wall, seen in the heart of Case 32 and in several other hearts, is probably a remnant of the septum spurium. Chiari's name is used generally for the widespread nets to which he first drew attention and it should be retained, although few of these are derived in part from the septum spurium as he had supposed.
In conclusion, it appears that these interesting networks are quite common. When reduced to narrow fibres they may be sites for thrombus formation, especially when there is atrial fibrillation. The fibres of the network are sometimes torn during life, and may break free. The fenestrated types may rarely remove emboli from the circulation, but this is purely by chance, and further emboli are likely to reach the lung. The Eustachian and Thebesian valves should be examined routinely by pathologists at autopsy, care being taken to open the right atrium by an antero-lateral cut.
SUMMARY
The variation of the Eustachian valve in 100 routine autopsies is discussed and instances are given in which the valve has been the source of thrombus formation. In other instances the valve had become torn during life. Various reports on this subject are reviewed and the embryology is discussed.
